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Reports 


Studies of Chemical and Radiochemical Composition of Natural Gas 
from the Cavity Produced by the Project Gasbuggy Nuclear Shot' 


Charles F. Smith and Floyd F. Momyer* 


Data relating to the cheinical and radiochemical results from Project Gas- 
buggy chimney-gas samples obtained prior to 210 days after detonation (De- 
cember 10, 1967) are presented for significant non-radioactive components of 
the gas and for tritium and krypton-85. A discussion of changes in composition 
occurring during the flaring of 5 x 10’ ft* gas in the late spring of 1968 is in- 
cluded. Some interpretation of the cared changes is advanced but with the 
data now available, no definitive conclusions seem warranted. This is a status 
report of the continuing effort to define and understand the chemical and radio- 
chemical aspects of project Gasbuggy. 

Major constituents of the Gasbuggy gas during the period from 34 days to 
200 days following the detonation were methane (increasing from 37 to 44 per- 
cent), ethane (increasing from 4 to 5 percent), propane (constant at ~1 per- 
cent), carbon dioxide (constant at ~36 percent), hydrogen (decreasing from 
17 to 12 percent) and carbon monoxide (decreasing from 4 to less than 2 per- 
cent). Much more significant changes were observed during the first month. The 
major reactions u to explain these trends are: 


CoO + H:0 — CO, + H: and 4H, + CO, —> CH, + 2H:,0 


Krypton-85 concentration (2.8 wCi/ft?) NTP (normal temperature and pres- 
sure) remained essentially constant over the entire sampling period implying 
mixing with a constant volume (1.2 x 10* ft? NTP) of noncondensable gas 
during this time. 

Tritium was observed primarily as hydrogen gas soon after detonations. A rapid 
decrease in HT came within the first month converting most of the HT to HTO 
but producing some CH;T and C.H;T. The predominant tritium-containing 
species, except at very early time, is CH;T, at a concentration of 12 to 14 uCi/ 
ft? NTP. Both CH;T and C:H;T concentrations increase slightly over the first 


H;T . C:H;T 
CH, and CH are 


essentially constant over the period from 30 to 200 days implying that the ex- 
change equilibrium was attained rapidly. The ratio HT/H: continues to de- 
crease over the same period implying a continuing influx of non-tritiated water 
93 the chimney and a reasonably rapid exchange reaction between HT and 

2 . 

Changes in concentrations of cavity gas components as a function of flow 
rate indicate that removal of 30 percent of the original chimney gas was accom- 
plished by flaring 5 x 10’ ft? at a rate of 5 x 10° ft?/day. This result is en- 
couraging but the test was too short to provide verification of this process as a 
reasonable method of reducing contamination levels. 


200 days, that of HT continues to decrease. The ration” 





Among the more important problems related to 
the application of nuclear explosives to stimulation 
of natural gas fields is that of radioactive contami- 
nation of the gas in the chimney formed by the 
detonation. One of the primary objectives of 
Project Gasbuggy is to determine the gas quality 


with regard to contamination by radioactivity 
and to evaluate various techniques suggested for 
reducing this contamination. 

A large quantity of data has been collected from 
analysis of the Gasbuggy chimney gas, and some 
systematic trends have been observed. Although 


' Work performed under the auspices of the U.S. Atomic 
Energy Commission. This paper was presented at the Society 
of Petroleum Engineers Meeting in Houston, Tex. on Sep- 
tember 30, 1968. 

2 Dr. Smith and Dr. Momyer are associated with the 
Lawrence Radiation Laboratory, University of California, 
Livermore, Calif. 
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some of the chemical and radiochemical analyses 
are not yet complete, that portion relating to the 
most important nuclides, tritium and krypton-85, 
can be presented, along with the mass spectrome- 
tric analyses for the major components of the gas. 
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Figure 1. Chromatographic gas columns in the Radiochemistry 
Laboratory at the Lawrence Radiation Laboratory 


Only a tentative assessment of the incomplete 
results is intended by this presentation. More 
information must be assembled before detailed 
interpretations of the chemistry can be made. In- 


deed, the lack of samples at early times when 
major changes were occurring may cause am- 
biguous interpretation of the processes involved as 
far as this particular experiment is concerned. 


pee ee ae Ys 


pawony /$- 


Analytical procedures 

It might be of some interest to describe briefly 
the process by which the data are obtained. The 
sample is introduced to the separation system and 
condensed on a large activated charcoal column 
(figure 1). These separation systems are, in reality, 
large-scale gas chromatographs. Samples of Gas- 
buggy gas as large as 14 ft’ can be easily separated, 
however, the typical sample size is 1 liter. 


Figure 2. Chart recorder and ionization counter apparatus at Lawrence 
Radiation Laboratory 
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Helium is passed through the column as the tem- 
perature is progressively raised stepwise. The 
gases pass through the column in inverse order of 
their degree of adsorption. For a complete separa- 
tion, both charcoal and a molecular sieve are 
employed at temperatures ranging from liquid 
nitrogen (—240°F) to +600°F. 

During the course of an elution, the procedure 
is monitored using a thermal conductivity detector 
and an ionization chamber. These are read out on 
the chart recorder (figure 2). The purified gas is 
recovered for transfer to a radiation counter. 

Two types of counters are used. The “‘gas-cell,”’ 
thin-window proportional counter is employed for 
krypton-85 radioassay. The krypton is contained 
in small cells that are loaded on a sample changer 
(figure 3). Each cell, in turn, is rotated underneath 
the lead shield of the counter, where it is raised to 
the counting position. Gases containing tritium are 
placed in internal proportional counting tubes 
and become a part of the fill gas in the active 
volume of the tube (figure 4). These tubes are 
counted inside a shielded cave. 


Figure 3. Gas cells containing radioactive krypton-85 
separated from Gasbuggy chimney gas samples, 
being loaded on an automatic sample changer 
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Figure 4. Internal proportional counter containing 
tritium contaminated gas separated from Gasbuggy 
chimney gas samples, being placed in a 
shielded arrangement 


Systematic errors which may be present in these 
determinations are not estimated. The calibration 
factors for the two counting methods are known 
to within a few percent and were determined by 
counting gases of known radioactivity. A conserva- 
tive estimate of the uncertainty in the absolute 
value of these measurements is, therefore, less than 
+10 percent of the value given. Precision of these 
determinations is improved by our standard 
practice of counting replicates. Results of dupli- 
cate counts are averaged to obtain the final result 
and an estimate of its reliability. The numbers to 
be presented here have individual standard devia- 
tions of less than 3 percent. Precision within a 
group of samples includes this uncertainty but is 
primarily determined by real variations in sample 
composition between samples. As will be seen, this 
variation is significant for hydrogen but much less 
so for the other gases of interest. In the data which 
follow, the precision of the measurements is indi- 
cated by inclusion of +1 sigma (standard devia- 
tion of the mean) as the indicated uncertainty. 
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In the plotted data, error bars are used to indi- 
cate precision, standard deviation of the mean 
included. Where no such bars are shown, the error 
bars lie within the plotted point system. All data 
are related to cavity gas after air (based on O,) 
was removed from the sample. 

Analytical errors vary according to the percent 
composition, but are generally less than 1 or 2 
percent for the species of interest here. Small 
variations between samples within a group have 
been observed and are the primary source of the 
errors attached to the data. 


Sampling 


At the present time, data are available from 16 
samples grouped in five sampling periods. Except 
for the production testing which occurred last 
June and July, no significant variation was ob- 
served within a sampling period. Therefore sam- 
ples within a period have been averaged. Only 
these averages are presented. These averages are 
identified according to the mid-point of their sam- 
pling time following the detonation (December 10, 
1967) as follows: 


lst day samples: Four samples were obtained as 
a result of leakage through the cable conduits to 
the sealed annulus of the emplacement hole. While 
these samples were gathered about 1 day after the 
detonation, the actual time of their separation 
from the body of chimney gas is most certainly 
much shorter. They probably represent the chim- 
ney gas composition shortly after chimney col- 
lapse. Two were suitable for radiochemical 
analysis. However, these were 85 percent air. 
Therefore, the errors of the chemical analyses are 
magnified for the 15 percent of the sample 
deemed “cavity gas’. In spite of this, the results 
do seem to provide useful information and to fit 
well with the main body of information obtained 
from the other groups of samples. 





34th day samples: Seven samples were taken 
between 32 and 36 days after detonation when 
communication with the chimney by GB-ER? had 
been established. Five of these have been analyzed 
—two downhole samples and a surface sample 
taken before 3 X 10° ft® of gas was flared and one 
downhole and one surface sample after flaring. No 





3’ GB-ER, Gasbuggy—Emplacement re-entry hole, a post- 
detonation hole drilled directly through the original em- 
placement hole. 
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significant differences in the results reported were 
seen between surface and downhole samples, or 
between samples prior to and following the flaring. 
The air correction of sample composition to obtain 


cavity gas composition was a few percent for these 
samples. 


79th day samples: Of the four samples taken, 
results from one surface and one downhole sample 
following flaring of 4 x 10* ft* of gas are reported. As 
was the case of 34 days, no significant difference 
between samples was observed. Downhole sam- 
pling has therefore been eliminated. The air 
correction was only 1 percent for these samples. 





134th day samples: Results of the two surface 


samples taken after 4 < 10* ft* of gas were flared are 
included in this report. No air correction was 
required. 





203rd day samples: Data points at 203 days are 
taken from the first good sample obtained during 
the extended flow test. Approximately 5 x 10° ft’ of 
gas had been flared prior to sampling. Samples 
were taken at intervals of 5 X 10° ft* or daily. 
Analytical results from six of these will be reported. 
No air correction was required for these samples. 





Gasbuggy analytical results 


For convenience and presentation the samples 
have been divided into two time periods. The first 
group is composed of those samples taken during 
the shut-in period prior to flow testing. Samples 
obtained during the flow testing comprise the 
second group. Somewhat arbitrary curves have 
been drawn through the data points. 

Figure 5 (table 1) presents the observed changes 
in chemical composition of the cavity gas as a 
function of time. The effect of temperature equilib- 
rium is clearly evident. Light gases predominate 
at early times, moving towards more complex 
gases as the chemical equilibrium shifts. Plotted 
across the lower portion of the graph is the total 
volume of gas with which the krypton-85 is 
mixed. Its constancy within analytical uncertainty 
is remarkable. Evidently equilibration of the 
cavity with formation pressure occurred quite 
rapidly and has been maintained throughout the 
shut-in period. 

The total gas volume was obtained by dividing 
the total krypton-85 by the krypton-85/ft? NTP 
(normal temperature and pressure) determined 
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Figure 5. Chemical composition of cavity gas as a 
function of time after detonation 


from radiochemical analysis of the samples. Total 
krypton-85 is estimated at 350 curies according to 
the anticipated performance of the nuclear explo- 
sive (1). 

The rapid increase in CO, and the corresponding 
decrease in CO suggests that the water-gas 
reaction: 


reaches equilibrium at early times. 
The gradual decrease in H, concentration ap- 
pears to be due to the reaction: 


4H, + CO, — CH, + 2H,0 (2) 


which is observed to proceed slowly toward equi- 
librium throughout the sampling period. In addi- 
tion, natural gas from the formation has entered 
the cavity to maintain constant pressure. Adding 
reactions (1) and (2) produces: 


3H, a CO = CH, + H,O (3) 
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Note that CO, does not enter and is indeed con- 
stant over the major sampling period. H, and CO 
are being used up while methane is increasing. 
The observed increase in ethane concentration 
may be due to a reaction such as: 


The observed decrease in propane may or may 
not be significant. Variation such as that seen can 
be attributed to fractionation of the sample 
during the later sampling periods. 

Another way to view the chemical data is in 
terms of totals of elements in the gas (figure 6). 
The total gas volume is plotted across the bottom 
of the figure to provide a base line. Above it, in 
the center of the figure are the concentrations of 
the elements of interest. Because of the constancy 
of the total gas volume, these curves represent 
totals equally well. The curves at the top of the 
figure are chemical composition in terms of atom 
percent. 

This figure illustrates the trend toward more 
complex molecules by the chemical reaction proc- 
esses coupled with the influx of formation gases 
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Figure 6. Elemental composition of cavity gas in a 
function of time after detonation 
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Table 1. Chemical composition of Gasbuggy cavity gases 





Sampling time 


Mole percent 





(days after detonation) 


C:He 





1 


37 
60 
m | 
5 
a 


+ 
= 
 — 
= 
= 





to maintain a constant volume of gas within the 
chimney. Note that the fraction of hydrogen 
decreases even though the total number of hydro- 
gen atoms increases early. 

The increase in oxygen at early time is due to 
the production of CO, by the water-gas reaction 
(1). The decrease at late time can be accounted 
for by invoking reaction (3). 

The radiochemical results for tritium in hydro- 
gen, methane, and ethane, are plotted on figure 7 
(table 2). Again, total gas volume is plotted along 
the base line for reference. The observed gas 
volume of 1.2 x 108 ft? NTP can be contained in 
2.1 + 0.1 x 10° ft*? void at 150°F and 950 psig‘ 
(the observed conditions on January 23). Such 
a void was estimated from data obtained during 
the production testing, implying that the total 
krypton-85 estimate is reasonable. 

The actual krypton-85 data seem to be moving 
toward lower concentrations but because of 
analytical errors associated with the data no 
conclusion can be reached as to the significance 
of this trend. The best fit to the data within these 
uncertainties is probably the line shown. 

At early times a large fraction of the gaseous 
tritium existed in the form of hydrogen gas. The 
data point for gaseous trituim at 1 day corresponds 
to some 30 percent of the total of 4 grams of 


‘ psig—pounds per square inch gauge. 
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Figure 7. Radionuclide concentrations in cavity gas as a 
function of time after detonation 


Table 2. Radionuclide concentration in Gasbuggy cavity gases 





Sampling time 


Total gas 
(days after detonation) 


volume 
(108 ft? NTP) 


Radionuclide concentration*® 
(uwCi/ft® of cavity gas) 





Krypton-85 


CH;T Total tritium 














Average 1 2% +0.1 

















* Errors quoted are 1-standard deviation of the mean of averaged measurements. 


> Average does not include the 1 day sample result. 


286 


Radiological Health Data and Reports 





tritium assumed present in the post-shot chimney. 
During the first month the HT level dropped quite 
rapidly and continued to decline at a slower rate. 
Prior to the time re-entry of the chimney well was 
accomplished, tritiated methane became the prin- 
ciple contaminant of the chimney gas. About 5 
percent of the total tritium remains gaseous at 
late times. Presumably the other 95 percent is in 
the form of water. No meaningful tritiated water 
results can be reported. Obtaining a representative 
sample of water in the chimney gas is extremely 
difficult. The actual numbers range from about a 
microcurie per cubic foot of cavity gas to 0.001 of 
that value, the variation being due primarily to 
dilution of the tritiated water in the sample by 
tritium-free water within the cavity and re-entry 
well casing coming from the overlying aquifers. 

Iodine-131, a potential problem radionuclide at 
early times, was not seen in any of the samples. 
An upper limit of 10-* wCi/ft? (NTP) of this radio- 
nuclide existing as a gas within the chimney ap- 
pears conservative. No other radionuclides have 
been detected which would cause a problem at 
times longer than a few months. Argon-37 pro- 
duced by neutron activation of the calcium in the 
rock is the only other radionuclide now prominent 
in the gas. Its initial concentration was about 
120 uCi/ft? NTP. Due to its half-life (35.4 days) 
the argon-37 concentration is now less than that 
of krypton-85. 

Analysis of a sample obtained from GB-2R’ is 
not yet complete, but does indicate the presence 
of a small quantity of cavity gas in the formation 
out to at least 300 feet. 

Changes in the concentrations of the tritiated 
species appear to follow the trends observed for 
chemical compositions, with the exception that 
the decrease of tritiated hydrogen is more marked 
than the corresponding decrease in hydrogen gas. 
Equilibrium reaction such as the water-gas re- 
action (1) provide a path whereby tritium can 
exchange with hydrogen in water, reducing the 
tritium concentration. The overall effect is that 
the ratio of tritium to hydrogen tends to equalize 
in all hydrogen containing species participating in 
the exchange. The degree to which this is observed 
depends on the exchange rate. 

The rapid initial decrease in HT concentration 


5 Second Gasbuggy re-entry hole drilled about 300 feet 
from GB-ER. 
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can therefore be explained using the water—yas 
reaction: 


HT + CO,— HTO + CO (5) 


and reactions such as (2) and (4) can be used to 
explain the observed increases in tritiated methane 
and ethane. 

In figure 8, specific activities are compared for 
the tritiated species. These curves demonstrate 
the trend toward a uniform tritium to protium 
ratio. The HT/H, ratio is seen to drop quite rap- 
idly as the water-gas reaction approaches equilib- 
rium and to change slope as the slower chemical 
reactions begin to dominate. The rapid decrease 
observed indicates that the T/H in cavity water 
was quite low, and is consistent with the pro- 
duction of CH, and C,H, by reactions such as (2) 
or (4). 

The fact that both the CH;T and C.H;T curves 
appear to be flat over the entire sampling period 
is not contradictory. They are being produced by 
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function of time 


287 





hydrogen of nearly comparable specific activity. 
In fact, the samples at 134 days show very nearly 
the classical 1:2:3 ratio for the three curves. Pre- 
sumably the eventual downward trend should ap- 
pear when the HT is further reduced by exchange 
with water. The fact that exchange equilibrium 
existed at 134 days and that the HT/H; ratio is 
still decreasing may imply entry of non-tritiated 
water into the chimney. 

Isotopic effects are not considered here but 
would also tend to reduce the tritium as elemental 
hydrogen in favor of water at low temperatures. 

Changes in chemical composition of the gas 
during the 11-day flow test which occurred during 
June-July 1968 are plotted on figure 9. Logarith- 
mic increases with flow for components of natural 
gas are complimented by corresponding decreases 
for gases solely of cavity origin. Results plotted 
cover the flaring period at 5 x 10° ft* per day 
nominal flow. 

The produced gas is nearly like cavity gas in 
composition. About one third of the original 
cavity gas was removed by dumping two fifths of 
a cavity volume of gas. On the average only 17 
percent of the produced gas came from outside 
the chimney. At this rate a factor of 10 reduction 
in contamination of the chimney gas can be 
achieved by flaring about two chimney volumes 
(2.5 x 10® ft? NTP). Further experiments are 
needed to define the long-term behavior of the 
cavity flushing and to establish a consistent model 
for estimating the fraction of cavity gas removed 
as a function of flow rate. 

Radiochemical analysis of these samples are not 
yet complete. Preliminary assessment of changes 
in concentration that have been observed, do, 
however, seem to generally fit those shown here 
for CO, and H,. They do, however, show a marked 
deviation from the lines established at the higher 
flow indicating much more dilution of the cavity 
gas by influx of formation gas. This observation 
corresponds to the observed increase in cavity 
pressure during the low-flow rate flaring. 

The gas quality program at Lawrence Radia- 
tion Laboratory is continuing its investigations 
in an effort to gain a better understanding of the 
complex interactions of the Gasbuggy gas with 
itself and its environment. These results, and the 
interpretations which can be drawn from them, 
will be publicly available in the future. 
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Radioecological Surveillance of the Waterways Around a Nuclear Fuels 
Reprocessing Plant’ 


N. I. Sax, Paul C. Lemon, Allen H. Benton, and Jack J. Gabay’ 


A 3-year study of the aquatic ecosystem around a nuclear fuels reprocessing 
plant, located in western New York State, has been conducted to find and eval- 
uate natural indicators of environmental contamination. The study covered 
preoperational and early post-operational phases. The ecological vectors selected 
for study were algae, silt, and fish, all from Cattaraugus Creek and its tribu- 
taries. Samples were collected at several points upstream and downstream 
from the plant effluent and quantitatively analyzed by gamma-ray spectrom- 
etry. All vectors analyzed indicated process of uptake and concentration of 
ruthenium-rhodium-106, cesium-137, cesium-134, and/or zirconium-niobium- 
95, and sometimes cobalt—60. 

In addition, the concept of using natural indicators not native to the streams 
under study was tested by translocating fresh water clams from Chautauqua 
Lake, 60-miles southwest of the site, and placing them in the streams around 
the plant. The clams not only thrived in their new environment but upon anal- 
ysis showed definite interaction by concentration of the above radioisotopes with 
the shells showing approximately twice the radioactivity of the soft parts of the 


clams. This concept might prove to be a sensitive indicator of environmental 


contamination. 


In April 1966, the world’s first commercial 
nuclear fuels reprocessing plant, located in the 
southwestern part of New York State, became 
operational. Prior to and since then, the Radio- 
logical Sciences Laboratory of the Division of 
Laboratories and Research, New York State De- 
partment of Health, with the cooperation of the 
State University of New York, has been con- 
ducting an ecological study of the effect on the 
aquatic ecosystems in that area with a view to 
finding the most suitable vectors as natural in- 
dicators of environmental contamination. 


Description of sources 


The facility is a multipurpose plant capable 
of processing any type of nuclear fuel element 
from which the fuel can be reduced to a nitric 
acid solution. The baseline process is a Purex 
solvent-extraction method designed for processing, 


! This investigation was supported by U.S. Public Health 
Service Grant RH 412, National Center for Radiological 
Health. 

2 Mr. Sax is associate research scientist with the Radio- 
logical Sciences Laboratory, Division of Laboratories and 
Research, New York State Department of Health; Dr. 
Lemon is professor of Biological Sciences, State University 


of New York, Albany, N.Y.; Dr. Benton is professor of 
Biology, State University College, Fredonia, N.Y.; and 
Mr. Gabay is senior research scientist with the Radiological 
Sciences Laboratory, Division of Laboratories and Research, 
New York State Department of Health. 


July 1969 


at a capacity of 1,000 kg/day of uranium enriched 
<3 percent in the form of UO, or uranium metal. 
Fuels must be cooled 150 days after removal from 
a reactor before they can be processed (1). In 
addition, a burial site, operational since 1963, is 
maintained for the storage of high, intermediate, 
and low-level radioactive wastes from the plant 
and offsite users. 


Study area 


Study of the aquatic ecosystem centers on two 
waterways flowing through and around the re- 
processing plant site (figure 1). Buttermilk Creek 
flows through the site in the southeast to north- 
west direction and empties into Cattaraugus 
Creek just outside the extreme northwest corner 
of the site. Cattaraugus Creek flows in a westerly 
direction and, after many convolutions, eventually 
empties into Lake Erie. Both streams are fed by 
many tributaries. The only important tributary, 
considering radionuclide inventory in the streams, 
is Erdman Brook, which serves as a receptor for 
runoff from the burial site and effluent discharge 
from the reprocessing plant. 

The physical and chemical characteristics of 
a portion of Cattaraugus Creek were studied to 
determine some of the ecological conditions to 
which organisms living in the stream must adapt 
in order to survive. Determination of the oxygen 
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Figure 1. Waterways around the reprocessing plant, 
burial site, and sampling stations 


and carbon dioxide served as a measurement of 
the relative extent of organic pollution and per- 
mitted evaluation of the distribution of organisms 
in the stream. This knowledge would be of value in 
planning future experiments. Quantitative data 
on stream flow, dissolved oxygen concentrations, 
and carbon dioxide concentrations were taken at 
Felton Bridge (figure 1) during the summer of 
1967. Data were secured by standard methods 
(2); surface velocity was determined with a 
floating object and stream flow was determined by 
using the formula: RR = WDaV 


where R = volume in ft*/sec; 
W = width in ft; 
D = average depth in ft; 
a = correction factor for substrate; 
and, V = surface velocity in ft/sec. 

During a period of average flow, the rate was 
estimated at 54,000 gallons/minute. After a heavy 
rain, the flow was estimated at 132,500 gallons/ 
minute, indicating the rather wide variation in 
flow which the creek may undergo. Further, the 
latter estimate is not representative of a maximum 
flow since it would have been quite impossible to 
make the necessary measurements during peak 
flow following a heavy rain. It is clear that wide 
fluctuations in flow present one of the major 
ecological factors of this particular creek, and one 
to which organisms living in the creek must adapt. 

Oxygen and carbon dioxide determinations were 
also made at the Felton Bridge sampling point. 
These parameters were determined by standard 
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methods described by Welch (3). In swift current 
the stream contained 4—5 ppm dissolved oxygen 
and 2-3 ppm of carbon dioxide. Backwaters were 
found to contain 2-3 ppm of dissolved oxygen and 
10-11 ppm of carbon dioxide. 


Sampling and analytical methods 


Study of the streams around the reprocessing 
plant permits a meaningful relationship to be 
derived concerning the dispersion of radioactivity 
released into the stream and concentration by 
various organisms residing therein. In reality, 
there are two streams plus tributaries which must 
be considered as one system. Sampling points on 
Erdman Brook and Buttermilk Creek upstream 
from the plant, and on Cattaraugus Creek up- 
stream from the confluence with Buttermilk 
Creek are considered control points. All down- 
stream sampling points are considered reaction 
points. 

A simple ecological chain, consisting of water, 
algae, silt, and fish, was set up, and such samples 
were routinely collected at the designated sam- 
pling sites. Analysis by gamma-ray spectrometry 
offered unique advantages in that quantitative in- 
formation on the presence of several radionuclides 
could be obtained from a single sample with little 
prior processing. 

Liquid samples were analyzed without proc- 
essing except for transfer to a counting container. 
Solid samples were blended before transfer. The 
standard counting container was a 2-liter Mari- 
nelli beaker. Samples up to 300 ml for liquids (300 
g for solids) were accommodated by placing them 
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on the top of the crystal. Integral-line Nal (TI) 
crystal detectors, 3 by 3 inches, were used in con- 
junction with multichannel analyzers operated in 
the 256 channel mode. Standard readouts were 
typewriter, X-Y plotter, and punched paper tape, 
which was converted to punched cards for com- 
puterization. Data were quantitated by using 
inverted matrix techniques. Routinely, standard 
matrices were prepared for each sample type. 
However, all spectra were visually examined and 
special matrices were prepared to accommodate 
nonroutine spectra. 

The occurrence of complex spectra containing 
radionuclides whose photopeaks coincide or over- 
lap makes electronic resolution extremely difficult. 
The presence of both zirconium-—niobium-95 and 
cesium-134 in our samples was anticipated; 
cesium—134 has two photopeaks (0.605 and 0.796 
MeV) which coincide with photopeaks for cesium-— 
137 (0.662 MeV) and zirconium—niobium—95 
(0.724, 0.757 and 0.765 MeV). Significant con- 
centrations of any of these nuclides can effectively 
mask or confuse the identity of others. 

The presence of both zirconium—niobium—95 
and cesium-134 in the aquatic environment was 
qualitatively confirmed in silt samples by chem- 
ical isolation of radiozirconium and radiocesium 
followed by gamma-ray spectral analysis of each 
fraction. Semiquantitative analysis of the data 
indicated that each radionuclide was present in 
approximately equal concentration. No attempt 
was made to relate the fractionation ratios to other 


silt samples, or to extrapolate to other sample 
types such as algae or fish. Therefore, all such data 
are reported as *ZrNb—™Cs, indicating that 
either or both of these radionuclides are present. 


Results and discussion 


Water 


Radioactivity from liquid effluents released di- 
rectly into the stream will tend to be dispersed 
and diluted. Although no significant radionuclide 
concentration was anticipated, stream water was 
sampled and analyzed regularly to provide a frame 
of reference for other ecological samples. Results 
of radioactivity in the streams are given in table 1. 


Algae 


Algal samples were collected at a number of 
points along the stream during the summer of 
1967 and analyzed (table 2). In general, the radio- 
nuclide concentration decreased as a function of 
distance from the source (figure 2). 

Algae are well known for their ability to con- 
centrate certain radionuclides. Lackey (4) found 
that the gross count rate for Oedogoniuwm to be 
104 times that for the surrounding water. Blinks 
and Nielsen (5) determined that Hydrodictyon 
may accumulate potassium to 4 x 10° times 
that in the surrounding water. Concentration of 
strontium-90 by green algae and by the water flea 
(Daphnia), using green algae as a food source has 
been reported (6-8). Williams and Swanson (9) 


Table 1. Radioactivity in streams around Nuclear Fuel Services site, 1965-1967 





Sampling Collection 
station period 


Radionuclide concentration 


(pCi liter) 








Control points: 
Buttermilk Creek, 
12/65- 3/66" 
6 /67-12 /67 
12/65- 3/66* 
4/66-12/66 
6 /67-11 /67 


5 /67-12 /67 


Erdman Brook 
a 
Reaction points: 
Buttermilk Creek, 
downstream 12/65- 3/66* 


Springville Dam 








5/67- 9/674 


0 (26) 
1 ( 6) 
0 (11) 
0 (14) 
2 ( 6) 


20 (19) 


0 ( 3) 
10 (18) 
0 (11) 
0 (22) 
4 ( 3) 














* Preoperational samples, taken before radioactivity was introduced into environment by NFS. 
f 


b Numbers in parent 
¢ Erdman Brook, upstream is not truly a control 


int. It is upstream of the 


eses indicate number of samples averaged. 


int where plant effluents are dis- 


charged into the brook; but is downstream to run-off from the burial site. It is therefore, an indicator of the contri- 
bution of the burial site to the radionuclide inventory in the stream. 


4 Continuous monthly composite. 
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Table 2. Average radionuclide concentration in algae, 1967 





Sampling 
station 


Collection 
period 


Radionuclide concentration 
(pCi/kg wet weight) 





ICs %Zr-Nb-4Cs 





Control point: 
Bigelow Bridge 
Reaction points: 
Buttermilk Creek, 
downstream _--- - - - 
Felton Bridge - - - - - - - 


Springville Dam___-____- 


rye Bridge---.------ 


Zoar Bridge--.--- ee Ri 





7 /67-8/67 


8/67 
7 /67-8/67 
7 /67-8/67 
7/67 
7/67 





87 (9) 


344,000 (1) 


54,000 (2) 
45,600 (6) 
10,200 (3) 
11,800 (2) 





15 (9) 


70 (9) 


,100 (1) 


760 (2) 
350 (6) 
180 (3) 
190 (2) 





* Numbers in parentheses indicate number of samples averaged. 
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1. Buttermilk Creek, downstream 
2.Felton Bridge 
3. Springville Dam 
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4. Frye Bridge 
5. Zoar Bridge 
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T rrererey 
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se 
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12345 
957,_-Nb!*4cs 
Figure 2. Concentration of various radionuclides in 

algae as a function of distance from the source 


-_ se eS 
WoRy-Rh 7c, 


12345 


found concentration of cesium-137 by Rhizo- 
clonium to be 1.5 x 10° times that of its environ- 
ment. Williams (10) reported that Chlorella con- 
centrated radiocesium 46 to 59 times that in the 
surrounding medium. Interestingly, dead Chlorella 
cells showed a similar concentrating ability. 

It would thus appear that a period of algal 
bloom, followed by death and decay of the algae, 
might cause a very significant concentration of 
radiocesium and might produce a rather high 
level of radioactivity on the bottom. Although the 
upper levels may quickly be decontaminated, the 
bottom fauna is exposed to a rapidly increasing 
level of concentration, mostly bound cesium, in the 
dead organisms and detritus on the bottom. 
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The fact that algae might retain high radio- 
nuclide levels even after death and settling sug- 
gests that the concentration of such materials in 
silt might be unusually high. It is also established 
that adsorption of radioactive particulates may 
take place on tiny silt particles in the water, 
and that settling out of these particles will then 
concentrate the radionuclides concerned. Studies 
on bottom dwelling organisms in the Clinch River 
and White Oak Creek indicate that such organisms 
receive an average dose 20 to 1,000 times that 
from naturally occurring radiation (11). 


sil 


Samples of stream bottom silt were collected at 
all the water sampling points as well as two addi- 
tional sites. Collection dates extend from August 
1966 to October 1967. Silt radioactivity (table 3) 
tends to show, again, the general decline with 
increased distance from the point of introduction 
(figure 3). 

The contribution from burial site run-off to the 
stream inventory (table 4) is of particular interest 
since effluent discharge from the reprocessing plant 
and run-off from the burial site are apparently un- 
related. The water and silt data from Erdman 
Brook, upstream or plant effluent discharge but 
downstream from the burial site runoff, and 
Buttermilk Creek, downstream from plant effluent 
discharge (figure 1) provide a means for evaluation. 
Dilution factors, due to the larger amount of 
water in Buttermilk Creek, are not known, there- 
by tending to make the radionuclide contribution 
to the stream inventory from the burial site, as 
based on the water data, suspect. However, these 
dilution factors should not significantly influence 
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Table 3. Radionuclide deposition in stream bottom silt, 1966-1967 





Collection 
period 


Sampling 
station 


Radionuclide concentration 
(pCi/kg wet weight) 





1¢Ru-Rh B7Cs 


%Zr-Nb-4Cs 





Control points: 
Buttermilk Creek, 

8/66-12 /66 

9 /66-10 /67 


12/66 


Bigelow Bridge 

Erdman Brook, 
upstream> 

Reaction points: 

Buttermilk Creek, 
downstream.-.-_------- 

Felton Bridge _ - 

Springville Dam 
rye Bridge 

Zoar Bridge 


8/66- 8/67 
9 /66-10 /67 
9 /66-10 /67 
7/67-10/67 
9/66-10/67 








( 2) 4 32 2 110 ( 2) 
(10) i 5 (10) 


(1) ’ 5,! 1,400 ( 1) 


( 7) 
(10) 
( 9) , ’ 

( 7) 24, 360 ( 7) 
(12) 55 ’ 120 (12) 














“ Numbers in parentheses indicate number of samples averaged. 
» Erdman Brook is upstream of the point where plant effluents are discharged into the brook; but is downstream 
to run-off from the burial site. It is, therefore, an indicator of the contribution of the burial site to the radionuclide 


inventory in the streams. 


the radionuclide adsorption onto silt. Table 4 was 
prepared to compare the data from tables 1 and 3. 
An estimated percent contribution is offered to 
assess the contribution of the burial site to the 
stream inventory. 

Although these data are quite preliminary, some 
relationships are apparent. The percent contribu- 
tion from the burial site for both water and silt is 
relatively consistent with respect to ruthenium-— 
106 and cesium—137 activity. The contribution due 





STATION 

1. Erdman Brook, upstream- 
burial site effluent 

2. Buttermilk Creek, downstream 

3. Felton Bridge 

4, Springville Bridge 
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T TT TTiny 
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10 
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Figure 3. Deposition of various radionuclides on stream 
bottom silt as a function of distance from the source 
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to the *ZrNb-—™Cs pair is appreciably smaller 
than that due to the other radionuclides, implying 
that one of the pair may not be present in the 
run-off from the burial site. 


Fish can be an important ecological vector since 
they, too, are known to concentrate certain radio- 
nuclides. Concentration of radiostrontium by 
freshwater fish has been reported (12-13). Koleh- 
mainen et al. (14) reported that cesium-137 
levels in fish in Finland were inversely related to 
conductivity of the water. Recent studies on 
Columbia River fish indicate that they concentrate 
phosphorus-32 and zince—65 (15-16). 

Fish samples were taken by net and prepared for 
analysis as they were captured without sorting. 
This provided an ample volume for counting 
(table 5). 

It is interesting to note that preoperational fish 
samples collected at downstream points indicated 
significant radionuclide concentration while those 
at upstream points did not. Since these fish were 
collected before the reprocessing plant became op- 
erational (but after operation of the burial site), 
contamination from the burial site must be con- 
sidered the likely source. This again empha- 
sizes the contribution of the burial site to thestream 
inventory. Of the post-operational samples, all in- 
dicated concentration of cesium-—137 and probably 
cesium-134, while some showed concentration of 
ruthenium-rhodium-106 and/or cobalt—60 as well. 
This may well be a function of specific species 
and pointed to the need for a more detailed study 
of individual species present in the streams. 
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Table 4. Radionuclide contribution of burial site to stream inventory 


1965-1967 





Sample Sampling 


point 


Radionuclide concentration* 
(pCi /liter or kg wet weight) 





Cs %Zr-Nb-4Cs 





Erdman Brook 
upstream 
Buttermilk 
Creek, 
downstream --- 











Erdman Brook, 
upstream -- - -- 
Buttermilk 
reek, 
downstream --- 














Percent contribution 








* Units are pCi/liter for water samples, pCi/kg for silt samples. 


Table 5. Radionuclide uptake by stream fish, 1965-1967 





Sampling 
station 


Collection 


Radionuclide concentration 
(pCi/kg wet weight) 





| period 


*Ru-Rh | Cs 


] 
| %Zr-Nb-4Cs | 





Control points: 
Buttermilk Creek, 
Picascescccseee 
Bigelow Bridge-----..----- 
tion points: 
Buttermilk Creek, 
downstream 


10/27 /65* 
10/27 /65* 


10/27 /65* 
8/29 /66 
8/ 1/67 
10/27 /65* 
7/ 5/67 
8/23 /67 
8/24/67 
8/24/67 
8/25 /67 
7/20/67 


Felton Bridge 








Frye Bridge 





20 +15 
5+10 | 


, 100 +360 
,600 +500 | 
240 +30 
530 +60 
80 +30 
240 +40 
60+110 
580 +70 
250 +40 


240 +30 | 








* Preoperational samples. 
+ 20 counting error. 


Fish are varied in their mode of life. Consequently, 
accumulation of radionuclides by any one group 
can be quite different from that by another. There 
are, however, some facts regarding accumulation 
that apply to fish generally. Uptake of elements 
may take place from water directly or from the 
ingestion of food containing concentrated amounts. 
The manner of uptake of elements by the different 
types of fish needs considerable study. 
Fortunately, there are several common fish 
species in the streams which can be caught in fair 
numbers, including some bottom feeders. Five 
species were deemed abundant enough to be 
suitable for repeated collection over time: 


Notropis cornutus—common shiner abundant in 
the creek itself. 


Semotilus atromaculatus—horned dace, abundant 
in the backwaters and pools. 
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Hybopsis micropogon—river chub, common in 
faster moving waters. 


Catostomus commersoni—white sucker, common in 
deeper waters. 


Campostoma anomalum—stoneroller minnow, fairly 
common in the stream. 


Of these, Campostoma anomalum, which feeds 
on algae it scrapes from rocks with a mod- 
ified lower lip, and Catostomus commersoni, a 
bottom feeder, which sucks up organic material, 
bottom plants and animals, and detritus, should 
be of special interest in that they must reflect the 
levels of radioactivity of bottom materials, and 


might concentrate certain radionuclides very 
effectively. 
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Table 6. Accumulation of radionuclides by translocated clams, 1967 





Sampling 


station Structure 


Radionuclide concentration 
(pCi/kg wet weight) 





16Ru-Rh 


%Zr-Nb-4Cs 





Chautauqua Lake 
(untreated control)_.......| § 


Buttermilk Creek 


Felton Bridge_-.--...----- 








0+20 
0+20 
1,400 +110 
500 +60 


140 +20 
190 +100 














* 2¢ counting error. 


Clams 


Shellfish have the ability, alone or by means of 
their aquatic food sources, to concentrate certain 
stable elements and radionuclides far above the 
ambient concentration in the water environment. 
The filter-feeding habit of the clam makes it an 
excellent biological indicator and adapts it ad- 
mirably for food chain investigations. 

Clams have been reported to concentrate cobalt- 
60 (17-18); iron—59 (18); zinc-65 (19-21); stron- 
tium-30 (22), particularly in the calcareous shell 
(23); cesium-137 (23-24); and manganese—54 
(25-26). 

Clams are not native to the streams around the 
reprocessing plant. During the summer of 1967, 
about 150 freshwater clams (Lampsilis ventricosa 
and L. siliquoidea) were collected from Chautau- 
qua Lake, about 60 miles southwest of the plant. 
They were divided into three lots, one of which was 
immediately killed and separated into shells and 
soft parts to be used as controls. One set was 
placed in Buttermilk Creek about 0.5 miles down- 
stream from the plant. Another set was placed 
in Cattaraugus Creek at Felton Bridge about 1 
mile downstream from the plant. They appeared 
to thrive in their new habitat and at the end of the 
summer they were removed from the streams, 
separated into shells and soft parts and analyzed 
by gamma-ray spectrometry (table 6). Definite 
accumulation of radionuclides is indicated. 


Conclusions 


Our efforts have been largely “range finding” 
in nature, and much time was spent in becoming 
familiar with the area and determining the abun- 
dance of aquatic life present in the streams. 


July 1969 


Preliminary data have been presented to demon- 
strate the ability of the ecological vectors selected 
to concentrate radionuclides from their environ- 
ment. However, they are, as yet, too sparse to 
permit meaningful relationships to be derived. 

Aquatic life probably represents the most re- 
warding area for ecological assessment of the 
effects of the reprocessing plant. The translocation 
of clams, as a biological indicator, holds great 
promise and should be further pursued. Silt, algae, 
clams, and fish, particularly bottom feeders such 
as Campostoma anomalum and Catostomus 
commersoni taken in conjunction with each other at 
periodic intervals might establish a meaningful 
relationship between radioactivity in algae and 
silt and concentration by fish and clams. 

It appears that enough natural indicators of 
environmental contamination are available to set 
up a simple and effective means to maintain 
surveillance and evaluate the effects of the re- 
processing plant upon the stream system. 

It remains to establish more exactly the rate 
and extent of interaction of these indicators to the 
various radionuclides. 


Acknowledgements 


The authors wish to acknowledge the efforts of 
Messrs. R. E. Tillman, K. Sullivan, and R.H. 
Averill, for collection of samples and determina- 
tion of stream characteristics. We are also grate- 
ful to Mr. J. C. Daly and his staff for analysis of 
samples and to Mr. J. A. Dapolito for his assist- 
ance in the preparation of this manuscript. 





REFERENCES 


(1) CRAMER, T. L. NFS:First fuel reprocessor. Nucle- 

onics 24:48-52 (1966). 

(2) LEMON, P. C. Field and laboratory guide for ecology. 

Burgess Publishing Company, Minneapolis, Minn. (1962) 
7 


p. 67. 

(3) WELCH, P. S. Limnological methods. McGraw-Hill 
Book Company, New York, N.Y. (1948) p. 381. 

(4) LACKEY, J. B. The suspended microbiota of the 
Clinch River and adjacent waters in relation to radioac- 
tivity in the summer of 1956, ORNL-2410. Oak Ridge 
National Laboratory, Oak San Tenn. (1957). 

(5) BLINKS, L. R. and J. P. NIELSEN. The cell sap of 
Hydrodictyon. J Gen Physiol 23:551-554 (1949). 

(6) KAVERN, N. R. Strontium and calcium uptake by 
the green alga: Oocystis eremosphaeria. Science 145:1445- 
1446 (1964). 

(7) WILLIAMS, L. G. Relative strontium and calcium 
uptake by green algae. Science 146:1488 (1964). 

(8) PORCELLA, D. B., C. E. RIXFORD and J. V. 
SLATER. Factors influencing radiostrontium accumula- 
tion in Daphnia. Health Phys 13:391-401 (1967). 

(9) WILLIAMS, L. G. and H. D. SWANSON. Concentra- 
tion of cesium-137 by algae. Science 127:187-188 (1958). 

(10) WILLIAMS, L. G. Uptake of cesium-137 by cells and 
detritus of Euglena and Chlorella. Limnol Oceano 
§:301-311 (1960). 

(11) NELSON, D. J. Clinch River studies, ORNL-3189. 
a National Laboratory, Oak Ridge, Tenn. (1962) 
p. 4 

(12) OPHEL, I. L. and J. M. JUDD. Adsorption of radio- 
strontium by the gills of fresh water fish. Nature 194: 
1187-1188 (1962). 

(13) BRUNGS, W. A. Experimental uptake of strontium- 
85 by fresh water organisms. Health Phys 11:41-47 (1965). 

(14) KOLEHMAINEN, S. E. HASANEN, and J. K. 
MIETTINEN. '*"Cs levels in fish of different limnological 





types of lakes in Finland during 1963. Health Phys 12:917- 
923 (1966). 

(15) FOSTER, R. F. and J. F. HONSTEAD. Accumulation 
of zinc-65 from prolonged consumption of Columbia River 
fish. Health Phys 13:39-45 (1967). 

(16) HONSTEAD, J. F. and D. N. BRADY. The uptake 
and retention of “P and *Zn from consumption of Co- 
lumbia River fish. Health Phys 13:455-465 (1967). 

(17) WEISS, H. V. and W. H. SHIPMAN. Biological con- 
centration by killer clams of cobalt-60 from radioactive 
fallout. Science 125:695 (1957). 

(18) GONG, J. K., W. H. SHIPMAN, H. V. WEISS and 
S. H. COHN. Uptake of fission products and neutron- 
induced radionuclides by the clam. Proc Soc Exp Biol 
Med 95:451-454 (1957). 

(19) CHIPMAN, W. A., T. R. RICE and T. J. PRICE. 
Uptake and accumulation of radioactive zinc by marine 
plankton, fish and shellfish. Fish and Wildlife Service, 
Fishery Bull 135:279-292 (1958). 

(20) MURTHY, G. K., A. S. GOLDIN and J. E. CAMP- 
BELL. Zinc—65 in foods. Science 130:1255-1256 (1959). 

(21) TOOMBS, G. L. Radiologic survey of the lower Co- 
lumbia River in Oregon, August 1963-July 1964. Radiol 
Health Data 6:563-568 (1965). 

(22) NELSON, P. J. Clams as indicators of strontium-90. 
Science 137:38-39 (1962). 

(23) CHIPMAN, W. A. Biological Aspects of Disposal of 
Radioactive Wastes in Marine Environments. Disposal of 
Radioactive Wastes. International Atomic Energy Agency, 
Vienna (1960). 

(24) GROSCH, D. S. Biological Effects of Radiation. 
Blaisdell Publishing Company, New York, N. Y. (1965) p. 


293. 
(25) GABAY, J. J., J. A. DAPOLITO and N. I. SAX. Mn 
54 in freshwater clams. Health Phys 12:968-970 (1966). 
(26) MERLINI, M. The freshwater clam as a biological 
indicator of radiomanganese. Radioecological Concentra- 
tion Processes, Pergamon Press, New York, N.Y. (1966) p. 
977-982. 


Radiological Health Data and Reports 





SECTION I. MILK AND FOOD 


Milk Surveillance, March 1969 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may be 
released to the environment from nuclear activi- 
ties. In addition, milk is produced and consumed 
on a regular basis, is convenient to handle and 
analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long term concentration trends. From 
such information, public health agencies can 
determine the need for further investigation 
and/or corrective public health action. 

The Pasteurized Milk Network (PMN), spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Community Environmental Man- 
agement, U.S. Public Health Service, consists of 
63 sampling stations; 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
have also initiated local milk surveillance pro- 
grams which provide more comprehensive cover- 
age within the individual State. Data from 15 of 
these State networks are reported routinely in 
Radiological Health Data and Reports. Additional 
networks for the routine surveillance of radioac- 
tivity in milk in the Western Hemisphere and their 
sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service)—5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
occur in or are formed as a result of nuclear fission 
become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by the 
selective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs nat- 
urally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The contents 
of both calcium and potassium in milk have been 
measured extensively and are relatively constant. 
Appropriate values and their variation, expressed 
in terms of 2-standard deviations, for these con- 
centrations are 1.16 + 0.08 g/liter and 1.51 + 
0.21 g/liter for calcium and potassium, respec- 
tively. These figures are averages of data from 
the PMN for the period, May 1963—March 1966 
(3) and were determined for use in general radio- 
logical health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making its 
determinations and the agreement of the meas- 
urements among the laboratories. The Analytical 
Quality Control Service of the Bureau of Radio- 
logical Health conducts periodic studies to assess 
the accuracy of determinations of radionuclides 
in milk performed by interested public health 
radiochemical laboratories. The generalized pro- 
cedure for making such a study has been outlined 
in the literature (4). 

The most recent study was conducted in the 
spring of 1967, with 40 laboratories participating 
in an experiment on milk samples containing 
known concentrations of strontium-90, iodine-131, 
and cesium-137. Of the 19 laboratories producing 
data for the networks reporting in Radiological 
Health Data and Reports, 18 of these laboratories 
participated in the experiment. 

In the majority of cases, the results for the 
laboratories fell within the 3-standard deviation 
limits considered appropriate for the various 
analyses. Several results were outside the 3- 
standard deviation limits and the most deviant 
of these represented biases from the expected 
values of 20— 30 percent (5). Keeping these 
possible differences in mind, integration of the 
data from the various networks can be under- 
taken without introducing a serious error due to 
disagreement among the independently obtained 
data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
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several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 
networks that report regularly were surveyed for 
information on analytical methodologies, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 
dine-131, cesium-137, and barium-140) are deter- 
mined by gamma-ray spectroscopy of whole milk. 
Each laboratory has its own modifications and 
refinements of these basic methodologies. The 
methods used by each of the networks have been 
referenced in earlier reports appearing in Radio- 
logical Health Data and Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be con- 
sulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis not only varies among the 
networks, but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data pre- 
sentation. Current levels for strontium-90 and 
cesium-—187 are relatively stable over time periods 
and sampling frequency is not critical. For the 
case of the short-lived radionuclides, particularly 
iodine-131, the frequency of analysis is critical, 
and is generally increased at the first measurement 
or recognition of a new influx of the radionuclide. 

The data presentation will also reflect whether 
raw or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during the period, January 1964 to June 
1966, indicated that for relatively similar milkshed 
or sampling areas, the differences in concentration 
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of radionuclides in raw and pasteurized milk are 
not statistically significant. Particular attention 
was paid to strontium-90 and cesium-137 in that 
analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-stand- 
ard deviation total analytical errors from replicate 
analyses experiments (3). The practical reporting 
level reflects additional analytical factors other 
than statistical radioactivity counting variations 
and will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal to 
or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases 
the larger value is used so that only data con- 
sidered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sample determina- 
tions. The treatment of measurements equal to or 
below these practical reporting levels for calcula- 
tion purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical errors of precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks (3). 
The precision errors reported for each of the 
radionuclides fall in the following ranges: 


Analytical errors of precision 
2-standard deviations 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter 


Radionuclide 
Strontium-89 





Strontium-90 


4-10 pCi/liter for levels <100 
pCi/liter; 
4-10% for levels > 100 pCi/liter 


Cesium-137 


Iodine-131 
Cem 37 


For iodine-131, cesium-137, and barium-140, there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data 
and Reports in perspective, a summary of the 
guidance provided by the Federal Radiation Council 
for specific environmental conditions is presented 
below. The function of the Council is to provide 
guidance for the use of Federal agencies in the 
formulation of radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not be 
exceeded without careful consideration of the rea- 
sons for doing so; every effort should be made to 
encourage the maintenance of radiation doses as 
far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exercised 
primarily at the source through the design and 
use of nuclear material. It represents a balance 
between the possible risk to the general public 
that might result from exposures from routine 
uses of ionizing radiation and the benefits from 
the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1 liter per day intake 
of milk, one can utilize the graded approach of 
daily intake on the basis of radionuclide content 
in milk samples collected to represent general 
population consumption. Under these assump- 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 
Radionuclide 


Guidance for suitable samples of exposed population group* 





Critical organ general 
population 


(rad/yr) 


RPG Corresponding con- 
(rad/yr) 


Range II Range III 
(pCi/day)> (pCi/day)> 


Range I 
(pCi/day)> 


tinuous daily intake 
(pCi/day) 





Bone marrow 
| ae 
Bone marrow - 











42,000 0-200 
4 200 0-20 


100 0-10 
3,600 0-360 


200-2 ,000 2 ,000-20 ,000 
20-200 200-2 ,000 


10-100 100-1 ,000 
360-3 ,600 | 3,600-36 ,000 

















*Suitable samples which represent the limiting conditions for this guidance are: 


children 1 year of age; cesium-137— infants. 
ased on an average intake of 1 liter of milk per day. 


: strontium-89, strontium-90—general population; iodine-131— 


¢ A dose of 1.5 rad/yr to the bone is estimated to result in a dose of 0.5 rad/yr to the bone marrow. 

4 For strontium-89 and strontium-90, the Council's study indicated that there is currently no operational requirement for an intake value as high as one 
corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


tions, the radionuclide concentrations in pCi/liter 
of milk can replace the daily radionuclide intake 
in pCi/day in the three graded ranges. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a contami- 
nating event. A PAG provides general guidance 
for the protection of the population against ex- 
posure by ingestion of contaminated foods re- 
sulting from the accidental release or the unfore- 
seen dispersal of radioactive materials in the 
environment. A PAG is also based on the assump- 
tion that such an occurrence is an unlikely event, 
and circumstances that might involve the prob- 
ability of repetitive occurrences during a 1- or 


Table 2 


- year period in a particular area would require 
special consideration. Protective actions are ap- 
propriate when the health benefits associated with 
the reduction in exposure to be achieved are suffi- 
cient to offset the undesirable features of the 
protective actions. 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable. A more detailed dis- 
cussion of these values was presented earlier (3). 
Also given in table 2 are milk concentrations for 
each of the radionuclides considered, in the 
absence of others, which if attained after an 
acute incident, would result in doses equivalent 
to the appropriate PAG. These concentrations are 
based on a projection of the maximum concentra- 
tion from an idealized model for any acute deposi- 
tion and the pasture-cow-milk-man pathway, 
well as an estimate of the intake prior to reaching 
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pertaining to environmental levels during an acute contaminating event 





Critical 
Radionuclide organ 


PAG for individ- 
uals in general 
population 
(rads) 


Category (pasture-cow-milk) 





Guidance for suitable sample, children 
1 year of age 





Maximum concentration in 
PAG milk for single nuclide 
(rads) that ar — | result in PAG 











Strontium-89 Bone marrow- - 
Bone marrow- - 
Whole bod 


Cesium-137 ly.--| exe 





10 in first year 
total dose not to ou not to exceed 


3 in first yr; total 





Iodine-131 Thyroid 





10 








* The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the nu- 


merical value of the respective guide. 


b Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 is 
5 times strontium-90 dose in first year for children approximately 1 year of age. 
© These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result ina 
PAG dose if that portion of intake prior to the maximum concentration in milk is not considered. 
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Figure 2. State and PMN milk sampling locations in the United States 


the maximum concentration. Therefore, these 
maximum concentrations are intended for use in 
estimating future intake on the basis of a few 


early samples rather than in a retrospective 
manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. (The relationship be- 
tween the PMN stations and State stations is 
shown in figure 2.) The first column under each 
of the radionuclides reported gives the monthly 
average for the station and the number of samples 
analyzed in that month in parentheses. When an 
individual sampling result is equal to or below the 
practical reporting level for the radionuclide, a 
value of zero is used for averaging. Monthly 
averages are calculated using the above conven- 
tion. Averages which are equal to or less than the 
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practical reporting levels reflect the presence of 
radioactivity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radionu- 
clides reported gives the 12-month average for the 
station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12—-month average serves as a 
basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137, for 
March 1969 and the 12-month period, April 1968 
to March 1969. Except where noted the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
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Table 3. Concentration of radionuclides in milk for March 1969 and 12-month period, April 1968 through 
March 1969 





Radionuclide concentration 
(pCi/liter) 
Sampling location 





Strontium-90 


Iodine-131 


Cesium-137 





Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 
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See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for March 1969 and 12-month period, April 1968 through 
March 1969—Continued 





Sampling location 


Type of 
sample * 


Radionuclide concentration 
i 





Strontium-90 


Iodine-131 


Cesium-137 





Monthly 
average » 


12-month 
average 


Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 





UNITED STATES—Continued 


N.Y: 


CANADA 
Alberta: 


British Columbia: 
Manitoba: 

New Brunswick: 
Newfoundland: 
Nova Scotia: 
Ontario: 


See footnotes 


304 


Buffal 
New 


burg 
New York City 


Oklahoma City* 
— City 


m posite 
Portland loc: 


Philadelphiae 
Pittsburgh¢ 


Benton County 
Franklin County 
Sandpoint, Idaho 
Skagit County 


Vancouver 

/innipeg 
Frederickton 
St. Joh 


at end of table. 
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Table 3. 


Concentration of radionuclides in milk for March 1969 and 12-month period, April 1968 through 


March 1969—Continued 





Sampling location 


Radionuclide concentration 
Ci /liter 





Type of 
sample * 


Strontium-90 


Iodine-131 Cesium-137 





Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 





CANAD A—Continued 
Ontario: 

Quebec: 

Saskatchewan: 


CENTRAL AND SOUTH AMERICA 





Columbia: 

ie: 
Ecuador: 
Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 


une ooo 




















o|cocococoo® 
o|concooceo 


© 











® P, pasteurized milk; R, raw milk. 


b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0’’ was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in paren- 
t 


° PHS Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 


a —— analysis not routinely performed. 
¢ The 


, A ay et reporting levels for these networks differ from the general ones given in the text. Sampling results for these networks were equal to or 
ess than the 


following practical reporting levels: 


Iodine-131: Colorado—25 pCi /liter 
Michigan—14 pCi/liter 
Oregon—15 pCi liter 


Cesium-137: Colorado—25 pCi /liter 
New York—20 pCi /liter 
Oregon—15 pCi /liter 


{ This entry gives the average radionuclide concentrations for the PHS pasteurized milk network stations denoted by footnote °. 


NA, no analysis. 
NS, no mele collected. 


been omitted from table 3 since levels at the great 
majority of the stations were below the respec- 


tive practical reporting levels. Table 4 gives 
monthly averages for those stations at which 
barium-140 was detected. 


Table 4. Barium-140 in milk, March 1969 





Radionuclide concentration 
Sampling location (pCi /liter) 





Barium—140 





Idaho: Idaho Falls (PMN) 
Mo.: Kansas City vednentted 
nomad 








Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide are of 
particular public health interest. In general, the 
practical reporting level for iodine-131 is nu- 
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merically equal to the upper value of Range I 
(10 pCi/liter) of the FRC radiation protection 
guide. 

Strontium-90 monthly averages ranged from 0 
to 19 pCi/liter in the United States for the month 
of March 1969 and the highest 12-month average 
was 20 pCi/liter (Little Rock, Ark., and Duluth, 
Minn.) representing 10.0 percent of the Federal 
Radiation Council radiation protection guide 
(table 1). Cesium-137 monthly averages ranged 
from 0 to 90 pCi/liter in the United States for the 
month of March 1969 and the highest 12-month 
average was 111 pCi/liter (Southeast Florida), 
representing 3.1 percent of the value presented in 
this report using the recommendations given in the 
Federal Radiation Council reports. Of particular 
interest are the consistently higher cesium-137 
levels that have been observed in Florida (12) and 
Jamaica. Iodine-131 results for individual samples 
were all below the practical reporting level ex- 
cept Massena, N.Y. (State), 10 pCi/liter, 2 
samples. 
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FOOD AND DIET SURVEILLANCE 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. 
These estimates along with the guidance de- 
veloped by the Federal Radiation Council, provide 
a basis for evaluating the significance of radio- 
activity in foods and diet. 


Program 


Period reported 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Last presented 





California Diet Study 
Connecticut Diet Study 
Tri-City Diet, HASL 


July 1969 


January—March 1968 
January—June 1968 
January—June 1968 





October 1968 
November 1968 
April 1969 





1. Radionuclides in Institutional Diet Samples 
October-December 1968 


Bureau of Radiological Health and 
Bureau of Community Environmental Management 


The determination of radionuclide concentra- 
tions in the diet constitutes an important element 
of an integrated program of environmental 
radiological surveillance and assessment. In rec- 
ognition of the potential significance of the diet 
in contributing to total environmental radiation 
exposures, the Public Health Service initiated its 
Institutional Diet Sampling Program in 1961. 
This program is administered by the Bureau of 
Radiological Health with the assistance of the 
Bureau of Community Environmental Manage- 
ment (1). 

The program was designed to provide estimates 
of the dietary intake of radionuclides in a selected 
population group ranging from children to young 
adults of school age. Initially, the program was 
conducted at eight institutions; as of January 
1965, its scope had increased to boarding schools 


or institutions in 50 municipalities. These institu- 
tions ranged from financially well-to-do boarding 
schools to orphanages with severe economic 
limitations. 

Subsequent experience with the diets of school 
children of various ages indicated that the number 
of institutions sampled could be selectively re- 
duced. As of July 1965, 21 basic institutions and 8 
auxiliary institutions distributed geographically 
as shown in figure 1, were being sampled. Previous 
results showed that the daily dietary intake of 
teenage girls and children from 9 to 12 years of 
age were comparable, while teenage boys con- 
sumed 20 percent more food per day (1,2). Con- 
sequently, estimates for boys and/or girls can be 
calculated on the basis of the dietary intakes of 
children. 

In general, the sampling procedure is the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week, 
(21 meals plus soft drinks, candy bars, or other 
in-between snacks) obtained by duplicating the 
meals of a different individual each day. Drinking 
water, not included in the samples, is also sampled 
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Figure 1. Institutional diet sampling locations as of October-December 1968 
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Table 2. Concentrations and intake of stable elements and radionuclides in Institutional total diets 
of individuals, October-December 1968* 





Calcium Potassium 
Total 


Location of Institution 


Strontium-89 Radium-226 


Strontium-90 | Cesium-137 





weight 
(kg/day)| g/kg | @/day| g/kg | g/day 


pCi/kg | pCi/day 


pCi/kg | pCi/day| pCi/kg | pCi/day| pCi/kg | pCi/day 
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* Iodine-131 and barium-140 had concentrations below the minimum detectable levels. 


periodically. Each daily sample is kept frozen 
until the end of the collection period and is then 
packed in dry ice and shipped by air express to 
either the Southwestern Radiological Health 
Laboratory, Las Vegas, Nev; the Southeastern 
Radiological Health Laboratory, Montgomery, 
Ala; or the Northeastern Radiological Health 
Laboratory, Winchester, Mass. A detailed de- 
scription of sampling and analytical procedures 
was presented earlier (3). 


Results 


Table 1 presents the analytical results for in- 
stitutional diet samples collected from October 
through December 1968, for children 9 to 12 years 
of age. The stable elements, calcium and potas- 
sium, are reported in g/kg of diet, and the radio- 
nuclide concentrations of these samples, reported 
in pCi/kg of diet, are corrected for radioactive 
decay to the midpoint of the sample collection 
period, where applicable. Dietary intakes, in 
g/day or pCi/day, were obtained by multiplying 
the food consumption rate in kg/day by the ap- 
propriate concentration values. The average food 
consumption rate during this period was 1.93 
kg/day compared to the network average of 1.86 
kg/day observed from 1961 through 1967. 
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Strontium-90 dietary intake during this period 
averaged 7 pCi/day. This result falls within Range 
I as defined by the Federal Radiation Council (4). 
Cesium-137 intakes averaged 11 pCi/day during 
this period. Strontium-89, barium-140, and 
iodine-131 concentrations were generally below 
detectable levels. 

All concentrations that are less than or equal to 
the appropriate minimum detectable level -vill be 
reported as zero. The minimum detectable con- 
centration is defined as the measured concentra- 
tion equal to the 2-standard deviation analytical 
error. Accordingly, the minimum detectable limits 
are as follows: 


Strontium-89 
Strontium-90 
lodine-131 
Barium-140 
Cesium-—137 
Radium-—226 


5 pCi/kg 

2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 
0.1 pCi/kg 


Data from eight auxiliary stations are included 
in a separate table for general information. This is 
presented in table 2. These stations do not meet 
the criterion that the majority of the samples are 
collected from children who range in age from 
9-12 years. In order to supplement the existing 
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environmental monitoring networks of the Bureau 
of Radiological Health, these eight institutions are 
being sampled in the same manner as the basic 
stations. 


Recent coverage in Radiological Health Data and Reports: 


Period Issue 
January-March 1968 October 1968 
April-June 1968 January 1969 
July-September 1968 April 1969 


July 1969 
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SECTION II. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other Fed- 
eral, State, and local agencies operate extensive 
water quality sampling and analysis programs for 
surface, ground, and treated water. Most of these 
programs include determinations of gross beta 
and gross alpha radioactivity and specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


Water sampling program 





Period reported 


respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for 
control action. In the known absence! of stron- 
tium-90 and alpha-particle emitters, the limit is 
1,000 pCi/liter gross beta radioactivity, except 
when additional analysis indicates that concen- 
trations of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State programs 
are published periodically to show current and 
long-range trends. Water sampling activities 
recently reported in Radiological Health Data 
and Reports are listed below. 


1 Absence is taken to mean a negli igibly small fraction of 


the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, re- 
spectively. 


Last presented 





California 

Colorado River Basin 

Drinking Water Analysis Program 
Florida 

Kansas 

Minnesota 

New York 

North Carolina 

Radiostrontium in Tap Water, HASL 
Washington 


1967 
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July-December 1967 


1961-1966 

1965-1966 
July-December 1967 
January—June 1968 
January-June 1968 
January—December 1967 
January-June 1968 
July 1967—June 1968 





November 1968 
December 1968 
August 1968 
July 1968 
November 1968 
February 1969 
April 1969 
May 1969 
April 1969 
June 1969 
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Gross Radioactivity in Surface Waters of the United States 


November-December 1968 


Division of Pollution Surveillance 
Federal WaterPollution Control Administration 
Department of the Interior 


Themonitoring of levels of radioactivity in surface 
waters of the United States was begun in 1957 as 
part of the Water Pollution Surveillance System 
currently operated by the Federal Water Pollution 
Control Administration. Tables 1 and 2 present 
the current preliminary results of the alpha and 
beta radioanalyses for November and December 
1968. The radioactivity associated with dissolved 
solids provides a rough indication of the levels 
which would occur in treated water, since nearly 
all suspended matter is removed by treatment 
processes. Strontium-90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their distance 
from the headwaters. Figures 1 and 2 indicate 
the average total beta radioactivity in suspended- 


plus-dissolved solids in raw water collected at 
each station. A description of the sampling and 
analytical procedures was published in the Novem- 
ber 1968 issue of Radiological Health Data and 
Reports. 

Complete data and exact sampling locations for 
1958 through 1963 are published in annual com- 
pilations (1-6). Data for subsequent years are 
available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They reflect 
no public health significance as the Public Health 
Service drinking water standards have already 
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Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, November 1968 


July 1969 
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Table 1. Radioactivity in raw surface waters, November 1968 





Average alpha Average beta Average alpha Average beta 
radioactivity radioactivity radioactivity radioactivity 
(pCi /liter) (pCi /liter) (pCi/liter) (pCi/liter) 


Station Station 








Sus- | Dis- | Total| Sus- | Dis- | Total Sus- | Dis- | Total Sus- | Dis- | Total 
pended |solved pended |solved pended |solved | pended |solved 











Animas River: | OE eee 
Cedar Hill, N. Mex__-_- ‘ ‘ W. Memphis, Ark--.------- 

Apalachicola River: New Orleans, La 
Chattahoochee, Fla_-_----- : Missouri River: 

Arkansas River: Williston, N. Dak- 


Bismarck, N. Dak 
Ponca City, Okla 
Pendleton Ferry, Ark-_--_-_- 
Atchafalaya River: 





nun 




















Monongahela River: 
Morgan City, La......_._- Pittsburgh, Pa 


Big Horn River: North Platte River: 
Hardin, Mont Henry, Nebr 
Big Sioux River: Ohio River: 
Sioux Falls, S. Dak-_-_------ Cincinnati, Ohio 
Chattahoochee River: Cairo, Ill 
Columbus, Ga Platte River: 
Clinch River: Plattsmouth, Nebr 
Kingston, Tenn* , ‘ Potomac River: | 
Colorado River: | Washington, D. C ___-_-- . 
Loma, C Rainy River: 
= Sopa International Falls, Minn - - 
Parker Dam, Calif-Ariz_- -- Red River, North: 
Coosa River: 
Ro Red River, South: 
Cumberland River: Denison, 
Cheatham Lock, Tenn Rip Sega: 


Coc MUP 








t 
a 


co So 


Escambia River: 








San Juan River: 

Shiprock, N. Mex--------- 
South Platte River: 

Julesburg, Colo 

Dutch John, Utah__.._-_--- Yellowstone River: 
Kansas River: Sidney, Mont 

DeSoto, Kans ‘ 
Klamath River: 

Keno, Ore Maximum 
Little Miami River: 

Cincinnati, Ohio 0 || 

| 


wow &F§ Ow oc ee Soe 


Great Lakes: 
Duluth, Minn 
Green River: 





coose:se oo 
































Mississippi River: 
Se. Fou, Miise............ 0 3 

















Minimum 
14 











_* Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contri- 
bution of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 


Table 2. Radioactivity in raw surface waters, December 1968 





Average alpha Average beta 
radioactivity radioactivity 
(pCi /liter) (pCi /liter) 


radioactivity radioactivity 


Average alpha Average beta | 
(pCi /liter) (pCi /liter) 


Station 





Station 





| | T j 
Dis- | Total| Sus- | Dis- | Total | | Sus- | Dis- | Total| Sus- | Dis- 
solved pended |solved | \pended solved pended |solved 











Apalachicola River: } 
Chattahoochee, Fla-_-_----_- W. Memphis, Ark 
Arkansas River: New Orleans, La-. --- 
Ponca City, Okla : : Missouri River: 
Atchafalaya River: Williston, N. Dak 
Morgan City, La Bismarck, N. Dak... -- 
St. Joseph, Mo 
Kansas City, Kans 
Missouri City, Mo 
Ohio River: 
Cincinnati, Ohio - 
Cairo, Ill 
Platte River: 
Plattsmouth, Nebr 
Potomac River: 


~Om 
—_ 
om n 

Oo Wor 


_— 


Big Horn River: 

Hardin, Mont 
Big Sioux River: 

Sioux Falls, S. Dak_.------ 
Chattahoochee River: 

Columbus, Ga 
Clinch River: 

Kingston, Tenn* 
Colorado River: 

Parker Dam, Calif-Ariz__- _- 
Coops River: 

> rt 


Cheatham Lock, Tenn 
Escambia River: 
Century, Fla 
Great es: 
Duluth, Minn 
Port Huron, Mich---- -- 
Detroit, Mich 
Kansas River: 
DeSoto, K. 
Little Miami River: 
Cincinnati, Ohio 
Mississippi River: 
St. Paul, Minn----- - 


Noone 
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KO NeKKOO # Ht 
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occScohlUh~ 
1 cS NRO 
~ se 
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Rainy River: 
International Falls, Minn _ - 
Red River, North: 
Grand Forks, N. Dak------ 
River, South: 
Denison, Tex 
South Platte River: 
Julesburg, Colo 
Yellowstone River: 
Sidney, Mont............- 
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_ ® Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribu- 
tion of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 
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Figure 2. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, December 1968 


provided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. A discussion of gross radio- 
activity per gram of solids for all stations in the 
Water Pollution Surveillance System for 1961 
through 1965 has been presented (7). Comments 
are made only on monthly average values. Occa- 
sional high values from single weekly samples may 
be absorbed into a relatively low average. When 
these values are significantly high, comment will be 
made. 

During November 1968, the following stations 
showed alpha values in excess of 15 pCi/liter on 
radioactivity for either suspended or dissolved 
solids: 


Arkansas River; Coolidge, Kans. 
North Platte River; Henry, Nebr. 
South Platte River; Julesburg, Colo. 


During December 1968, the following station 
showed alpha values in excess of 15 pCi/liter on 
radioactivity for either suspended or dissloved 
solids: 


July 1969 


South Platte River; Julesburg, Colo. 


None of the stations showed a gross beta radio- 
activity in excess of 150 pCi/liter during Novem- 
ber and December 1968. 
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SECTION Ill. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission product 
radioactivity. To date, this surveillance has been 
confined chiefly to gross beta radioanalysis. Al- 
though such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized period- 
ically to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 


Network 
HASL Fallout Network 
HASL 80th Meridian Network 
Plutonium in Airborne Particulates 


July-December 1967 
Calendar Year 1966 
January-March 1968 


sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexican 
Commission of Nuclear Energy, and the Pan 
American Health Organization. 

An intercomparison of the above networks was 
performed by Lockhart and Patterson in 1962 and 
is summarized in the January 1964 issue of 
Radiological Health Data. In addition to those 
programs presented in this issue, the following 
programs were previously covered in Radiological 
Health Data and Reports. 


Period Issue 
September 1968 
December 1968 


January 1969 © 
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1. Radiation Alert Network 
March 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection when most of the thoron daughter 


products have decayed. They also perform field 
estimates on dried precipitation samples and 
report all results to appropriate Bureau of Radio- 
logical Health officials by mail or telephone de- 
pending on levels found. A compilation of the daily 
field estimates is available upon request from the 
Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and 
analytical procedures was presented in the April 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during March 1969. 
Time profiles of gross beta radioactivity in air for 
eight Radiation Alert Network stations are shown 
in figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 


July 1969 





Table 1. Gross beta radioactivity in surface air and precipitation, March 1969 
| 





Precipitation 





Number Air surveillance, gross beta 


of radioactivity Field estimation of deposition 
Station location samples (pCi/m!*) 








boon y Depth Total 
(mm) deposition 


Maximum | Minimum (nCi/m?) 








Montgomery 
Adak 
Anchorage-- 
Attu Island_-..-_- 
Fairbanks 


oc CONG 
o oone 


Apr 69 
June 69 


Dec 68 
Oct 68 
Jan 69 
May 69 
Jan 69 
Jan 69 
Nov 68 
July 69 
Apr 69 
Oct 68 
Nov 68 


ar 
“oO 
=r) 


Phoenix 
SS Saas 


~ 


ee ONOR eH OO 


Washington 
Jacksonville 
Miami 


ecoooocececory 
coooonororu 


_ 
_ 
_ 


Springfield 
Indianapolis 


coco 


Frankfort 
New Orleans 


— me tO em DO ee O 





a 
o 








coooocoecoo oro 
coorwooooeso OofroorrrS 


June 69 


—) 


Feb 69 
June 69 
Nov 68 
Apr 69 
May 69 
Feb 69 
June 69 
Jan 69 
Feb 69 
Jan 69 
Apr 69 


July 69 
May 69 
Nov 68 
Mar 69 
Nov 68 
June 69 
June 69 
May 69 
Mar 69 
Feb 69 
Dec 68 


Mar 69 
July 69 


Concord - - - 
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New York City 
Gastonia 
Bismarck---.-.-- - 
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Portland 
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ee ho) 
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ue oO 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period 
> No report received. (Air samples received without field estimate data are not considered by the data program.) 
¢ No precipitation sample collected. 


4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioact 
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2. Canadian Air and Precipitation Surface air and precipitation data for March 
Monitoring Program', March 1969 1969 are presented in table 2. 


Radiation Protection Division 


A Table 2. Canadian gross beta radioactivity in surface 
Department of National Health and Welfare air and precipitation, March 1969 





Air surveillance gross Precipitation 
beta radioactivity measurements 


(pCi/m') 





Number 
Station of 


The Radiation Protection Division of the saan Min- Concer | deposi 
Canadian Department of National Health and = %i/ iaci/ 
Welfare monitors surface air and precipitation in 7 
connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are lo- 
cated at airports (figure 3), where the sampling ni 
e : Ft. William 

equipment is operated by personnel from the Fredericton 
Meterological Services Branch of the Department _ afar 77777277777 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). St. John's, Néid 

A summary of the sampling procedures and 
methods of analysis was presented in the June 
1969 issue of Radiological Health Data and Reports. 
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! Prepared from information and data in the April 1969 
monthly report “Data from Radiation Protection Program,” eneeniih eimneien 
Canadian Department of National Health and Welfare, 7 neal 
Ottawa, Canada. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
March 1969 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist 
PAHO-member countries in developing radio- 
logical health programs. 

The air sampling station locations are shown in 
figure 4. It should be noted that a new sampling 
station has been established in Quito, Ecuador. 
Analytical techniques were described in the Jan- 
uary 1968 Radiological Health Data and Reports. 
The March 1969 air monitoring results from the 
participating countries are given in table 3. 














Figure 4. Pan American Air Sampling 
Program stations 


July 1969 


Table 3. Summary of gross beta radioactivity in Pan 
American surface air, March 1969 





Gross beta radioactivity 
(pCi/m*) 


| Number | 
Station location | of 

| samples 

Maximum | Minimum | Average * 








Argentina: Buenos Aires - - - 5 od i 0.16 
Bolivia: I : 
Chile: Santiago 
Colombia: Bogata 
Ecuador: Guayaquil 
Quito 
Guyana: Georgetown 
Jamaica: Kingston - ------- 
Peru: Lima-.------ xe 
Venezuela: Caracas 
West Indies: Trinidad 














Pan American summary -.--- 
| 





® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m® are reported 
and used in averaging as 0.00 pCi/m*. 

NS, no sample. 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 
here are such data as those obtained from human 


bone sampling, bovine thyroid sampling, Alaskan 
surveillance, and environmental monitoring around 
nuclear facilities. 





Strontium-90 in Human Bone, April-June 1968' 


Bureau of Radiological Health 
U.S. Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical region, 
the Public Health Service began collecting human 
bone specimens in late 1961. Analyses of selected 
samples of people in older age groups have shown 
their bone strontium-90 content to be low and 
age-independent (1). Consequently, the target 
population includes children and young adults up 
to 25 years of age. 

Although a few samples come from living per- 
sons as a result of surgical procedures, the ma- 
jority are obtained post mortem. In the latter 
case, the specimens are limited to accident victims 
or persons who have died of an acute disease proc- 
ess that was not likely to impair bone metabolism. 
For analytical purposes, a sample of at least 100 
grams of wet bone is desired. Generally, this 
amount is readily available from older children, 
but it presents some difficulties from the stand- 


Period during which death or surgical procedure occurred. 


point of infants and children under 5 years of age. 
Most specimens received to date have been verte- 
brae and ribs. 


Laboratory procedures 


The bones are analyzed at Northeastern Ra- 
diological Health Laboratory of the Bureau of 
Radiological Health, at Winchester, Mass. Sample 
collection and preparation are explained elsewhere 
(2). Strontium-90 is measured by tributyl phos- 
phate extraction of its yttrium daughter, which is 
precipitated as an oxalate. The strontium-—90 
content is then calculated (3) from the yttrium—90 
activity. For the purpose of maintaining analytical 
reproducibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. To 
further check and maintain analytical accuracy, 
synthetic “bone ash’”’ samples (calcium phosphate 
spiked with strontium—90) are analyzed periodi- 
cally and crosscheck analyses are carried out 
quarterly with the Health and Safety Laboratory 
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Figure 1. Geographical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, April-June 1968—Continued 





Bone region and State | Bone Age > 
type ®* (years) 


Calcium 
concentration 


(g/kg bone) 


Sex Strontium-90 concentration 


°Sr/Ca 
(pCi/kg bone) 


(pCi/g) 
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* Type of bone: vertebrae, V; rib, R; skull, SK. 
> Age given as of last birthday prior to death. 
© Two-sigma counting error. 


of the AEC, which performs similar analyses. 

The analytical results for strontium-90 in 
individual bones from persons dying during the 
second quarter (April-June) of 1968 are presented 
in table 1 in order of increasing age within each 
geographical region. These regions are indicated 
in figure 1. Reported values are given in picocuries 
of strontium—90 per kilogram of bone (as a rough 
indication of dose) and per gram of calcium (for 
comparison with other data and for purposes of 
model development). Two-sigma counting errors 
are reported for the bone concentration. 

Following the pattern of earlier reports, subse- 
quent articles will continue to provide interpreta- 
tion of the data at appropriate stages in the 
program (2-5). 
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Recent coverage in Radiological Health Data and Reports: 


Period 


October-December 1967 
January-March 1968 


Issue 


February 1969 
April 1969 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major AEC installations. The reports 
include data from routine monitoring programs 
where operations are of such a nature that plant 
environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 


in directives published in the “AEC Manual.’”! 

Summaries of the environmental radioactivity 
data follow for the Atomics International, and the 
Paducah Plant. 


1 Title 10, Code of Federal Regulations, Part 20, ‘““‘Stand- 
ards for Protection Against Radiation” contains essentially 


the standards published in Chapter 0524 of the AEC 
Manual. 





1. Atomics International’ 


July-December 1968 


North American Rockwell Corporation 
Canoga Park, California 


Atomics International, a division of North 
American Rockwell Corporation, has been en- 
gaged in atomic energy research and development 
since 1946. The company designs, develops, and 
constructs nuclear reactors for central station and 
compact power plants for medical, industrial, and 
scientific applications. 


?Summarized from “Environmental Monitoring, Semi- 
annual Report, July 1 to December 31, 1968’’ Atomics Inter- 
national, Division of North American Rockwell Corporation. 


The company headquarters is located in Canoga 
Park, California, approximately 23 miles north- 
west of downtown Los Angeles. The 290-acre 
Nuclear Development Field Laboratory (Santa 
Susana Facility), equipped with extensive testing 
facilities for the support of advanced nuclear 
studies, is in Ventura County in the Simi Hills 
approximately 29 miles northwest of downtown 
Los Angeles. The location of the above sites in 
relation to nearby communities is shown in figure 
1. 

The basic concept of radiological hazard control 
at Atomics International encourages total con- 
tainment of radioactive materials and, through 
rigid operational controls, minimizes effluent 
releases and external radiation levels. The en- 
vironmental monitoring program provides a check 
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Figure 1. Atomics International facilities and vicinity 
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on the effectiveness of radiological safety pro- 
cedures and of engineering safeguards incorporated 
into facility design. 

The environs of Atomics International head- 
quarters and Nuclear Development Field Labora- 
tory (NDFL) are surveyed monthly to determine 
the concentration of radioactivity in typical sur- 
face soil, vegetation, and water samples. In addi- 
tion, continuous environmental air monitoring at 
the sites provides information concerning airborne 
particulate radioactivity. 


Air monitoring 


Environmental air sampling is conducted con- 
tinuously at the headquarters and NDFL sites with 
automatic air samplers operating on 24-hour 
sampling cycles. Airborne particulate radioac- 
tivity is collected on HV-70 filter paper which is 
automatically changed at the end of each sampling 
period. The filter is removed from the sampler and 
counted after the radioactivity is allowed to decay 
for at least 72 hours. The volume of a typical 
daily environmental air sample is approximately 
20-cubic meters. The average concentration of 
long-lived beta-gamma radioactivity on airborne 
particulates is presented in table 1 for July- 
December 1968. 


Table 1. Beta-gamma radioactivity of airborne 
particulates, Atomics Intl., July-December 1968 





| July-December 1968 





Location 
Number of | 


Average 
samples 


concentration 
(pCi/m?) 





| 
Headquarters -- __-.._- | 34f | 0.18 
TES 17 








Water monitoring 


Process water used at the NDFL is obtained 
from Ventura County Water District No. 10 and 
distributed onsite by the same piping system 
previously used when process water was supplied 
by onsite wells. Pressure is provided by elevated 
storage tanks, one 50,000-gallon and one 500,000- 
gallon tank onsite. While clinically potable, the 
water is not used for drinking. Bottled potable 
water is delivered by a vendor and is not analyzed. 
Water from the pipe system is sampled monthly 
at two locations. The average process water radio- 
activity concentration is presented in table 2. 

Water samples are also collected monthly at 
Chatsworth Reservoir which is operated by the 
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Table 2. Well water radioactivity, NDFL site 
July-December 1968 





July-December 1968 





Type of 
radioactivity Number of 


Average 
samples 


concentration 
(pCi/m4) 





0.14 
Oe eee if 5.1 








Los Angeles City Department of Water and 
Power. Normally, one water sample is obtained 
from the lake surface and a second sample is 
obtained from the reservoir water supply inlet 
located on the north side of the lake. The average 
radioactivity for both surface and supply water 
samples is presented in table 3. 


Table 3. Chatsworth Reservoir water radioactivity 
Atomics Intl., July-December 1968 





Type of 
radioactivity 





Sample ‘ 
verage 

concentration 
(pCi /liter) 





Lake surface 

Beta-gamma- - -- 

Alpha--_--- -- 
Beta-gamma_- - 

| 


Supply surface_-_---- -- 














Surface discharged waters from NDFL facilities 
drain into holding reservoirs on adjacent property. 
When full, the main reservoir is drained into Bell 
Creek, a tributary of the Los Angeles River in the 
San Fernando Valley, Los Angeles County. Pur- 
suant to the requirements of Los Angeles Regional 
Water Quality Control Board Resolution 66—49 of 
September 21, 1966, an environmental sampling 
station has been established in Bell Creek Canyon 
approximately 3.4 miles downstream from the 
south NDFL Boundary. Samples, obtained and 
analyzed monthly, include stream bed mud, 
vegetation, and water. Average radioactivity 
concentrations in the main holding reservoir and 
Bell Creek samples are presented in table 4. 


Table 4. Radioactivity in the Rocketdyne reservoir and 
Bell Creek*, July-December 1968 





Sample description Number 
(units) of 
samples 


Alpha radio- 
activity 


Beta radio- 
activity 





Reservoir station 6* 
| 
Reservoir station 12* 
(pCi /liter) . 
Bell Creek mud (pCi/g) 
Bell Creek vegetation 
(pCi/g ash) -_-_---- , 
Bell Creek water (pCi /liter) -- 

















* Location not shown on on figure 1. 
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Soil and vegetation monitoring 


Soil and vegetation are regularly sampled at 
24 locations. Twelve sampling stations are located 
within the boundaries of Atomics International’s 
sites and are referred to as “onsite” stations. The 
remaining 12 stations, located within a 10-mile 
radius of the sites, are referred to as “offsite” 
stations. 

Surface soil types available for sampling range 
from decomposed granite to clay and loam. 
Samples are taken from the top half-inch layer of 
ground surface. The soil samples are packaged 
and sealed in plastic containers and returned to 
the laboratory for analysis. Radioactivity in soil 
samples is presented in table 5. 


Table 5. Radioactivity in the soil, Atomics Intl. 
July-December 1968 





July-December 1968 





Type of 
radioactivity 


Number of 
samples 


Average 
concentration 
(pCi/g) 





0 .46 
27 
AT 





Beta-gamma_-.------ ; 26 











Vegetation samples obtained in the field are of 
the same plant type wherever possible, generally, 
sunflower or wild tobacco plant leaves. These 
types maintain a more active growth rate during 
the dry season than do most natural vegetation 
indigenous to the local area. Vegetation leaves 
are stripped from plants and transferred to the 
laboratory for analysis. Plant root systems are not 
routinely sampled. Radioactivity in vegetation 
samples is presented in table 6. 


Table 6. Radioactivity in vegetation, Atomics Intl. 
July-December 1968 





July-December 1968 


Type of | 
radioactivity Number of 
samples 





Average 
concentration 
(pCi/g ash) 





Pp ‘ 0.47 
Beta-gamma 139 
Alpha ‘ 46 
Beta-gamma 2 138 
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2. Paducah Plant® 
July-December 1968 


Union Carbide Corporation 
Paducah, Kentucky 


The Paducah Plant is a government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for the 
Atomic Energy Commission. The diffusion plant 
processes large quantities of relatively pure uran- 
ium compounds. The uranium hexafluoride manu- 
facturing plant, a former source of diffusion plant 
feed, was placed on standby in June of 1964 and 
was reactivated in August 1968. Parts of the 
associated uranium metal foundry, usually on 
standby, are operated infrequently as the need 
arises. A decontamination and uranium recovery 
facility operates to prepare equipment for repair 
and to recover impure or scrap uranium materials. 


3 Summarized from “Environmental Concentrations of 
Radioactive Materials Near the Paducah Plant—Report for 
the Second Half of 1968.” 
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Depleted uranium metal is fabricated into shields, 
weights, ballasts, or other shapes on a nonroutine 
basis. The major sources of external penetrating 
radiation are the daughter products of uranium, 
thorium-234, and protactinium-234, which may 
be concentrated by uranium recovery processes or 
by uranium hexafluoride vaporization. The ele- 
ment uranium can be a physiological hazard only 
if allowed to enter the body. The chemical toxicity 
of the uranium processed at the Paducah Plant 
overshadows any probable biological effects of ra- 
diation from this element, thus making it compar- 
able as a physiological hazard to lead, mercury, or 
other well-known heavy metals. 

Because of the necessity for health protection 
in process areas, the high intrinsic value of ura- 
nium, and the desire to maintain a wholesome 
relationship with neighboring communities and 
individuals, the Paducah Plant provides confine- 
ment and recovery systems at the plant. The 
environmental monitoring program provides for 
continuously sampling the air at four stations 
around the plant perimeter fence, and at five 
stations located approximately 1 mile outside this 
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Figure 2. Sampling locations, Paducah Gaseous Diffusion Plant 


fence (figure 2). Big Bayou Creek water is sampled 
continuously, and grab samples are collected at 
five locations in the Ohio River. In addition, 
gamma radiation readings are taken each month 
at each of the air sampling stations with a Geiger— 
Mueller type meter at a distance of 3 feet above 
ground level. 


Basic standards 


The radiation protection standards observed at 
the Paducah Plant for exposure to radiation and 
radioactive materials, both for the in-plant work 
environment of employees and for offsite exposure 
of the general population, are those contained 
in Appendix 0524 of the AEC manual. 

The standards specify that the radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations within 
that controlled area, shall be such that it is im- 
probable that any individual may receive a dose 
of external radiation greater than 0.5 rem in any 
year and that the average exposure of a suitable 
population sample may not exceed one-third of 
this dose. To meet this standard, the average con- 
centration of radioactivity in air or water beyond 
a controlled area should not exceed one-tenth of 
the maximum permitted for occupational exposure 
of 168 hours per week. For the purposes of such 
control, the concentrations of such radionuclides 
in air or water may be averaged over periods of 
time up to 1 year. 
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Discussion 


Data summarizing the environmental concen- 
trations of radioactive materials in air and water 
and the gamma radiation levels in the vicinity of 
the Paducah Gaseous Diffusion Plant are pre- 
sented in tables 7 through 10. 

Air samples were collected continuously at each 
of the four stations at the plant perimeter fence 
and at five stations about 1 mile outside the 
plant. Air is filtered at 0.3 cfm through 2-inch 


Table 7. Uranium concentrations in outdoor air 


samples, Paducah Plant, July-December 1968 





Uranium alpha radioactivity 
Number (pCi/m?) 
Sample location* of 


samples | 





Maximum | Minimume* Mean? 





About 1 mile outside 
lant perimeter 
ence: 














S 88388 


o 





* See figure 2. } ; 
b As defined in NBS Handbook 69, paragraph 3.2, a microcurie of re- 
extracted normal uranium corresponds to 7.57 X 10 alpha dis/sec. 


ont I ) ; 1a d 

S he minimum detectable concentration of uranium in air is 0.02 
pCi/m*. ; 

4 The AEC standard for natural uranium in air released to the environs 
beyond a controlled area is 2 pCi/m*. 
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Table 8. Beta radioactivity in outdoor air samples, 


Paducah Plant, July-December 1968 





Beta radioactivity 
Number (pCi/m?) 
f 


Sample location* 





o 
samples 


Maximum | Minimum | 





| 

At plant perimeter | 
ce: 

| 

| 


About 1 mile outside 
xe perimeter 
nce: 











0. 
| 





> The minimum detectable amount of beta-particle emitters in air is 
0.1 Ci /m'. 
he AEC standard, applicable to this table is 1 X 10* pCi/m*, which 
is the concentration limit of thorium—2: 34, the daughter product of uranium- 
238. Insignificant amounts of other daughters are present in freshly refined 
uranium. 


diameter membrane filters which are replaced 
weekly and counted for alpha and beta radio- 
activity. 

The average alpha-particle count—interpreted 
as uranium, the most likely source of radio- 
activity—of the 108 and the 135 air samples 
collected during the second half of 1968 at the 
perimeter fence and 1 mile, respectively, were 1.5 
percent and 0.5 percent of the AEC standard set 
for individuals residing in the vicinity of a con- 
trolled area. The average beta-particle count of 
these samples was 0.08 percent of the standard at 
the perimeter fence and 0.02 percent of the stand- 
ard at 1 mile. 


Table 9. Concentrations of uranium in water 


Paducah Plant, July-December 1968 





Uranium> 


Sample location* aor aed (pCi /liter) 
0 


samples 





Maximum | Minimums 





Big Bayou Creek 
ey 9 <i 4 
Ohio River 


<1 <i <i 
Guana of 50, 51, 
Fy | aes <1 <i <i 

















* See figure 2. 
> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of recently 
extracted normal uranium corresponds to 7.57 X 10 alpha dis/sec. 
he minimum detectable uranium in water is 1 pCi /liter. 
a The AEC standard for natural uranium in water beyond a controlled 
area is 2 X 10* pCi /liter. 
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Table 10. Concentration of beta-particle emitters in 


water, Paducah Plant, July-Dec ce >mbe r 1968 
| 


} Beta-particle emitters 
Number (pCi /liter) 
of 
samples 





Sample location* 





Maximum | Minimum> Mean¢ 





Big Bayou Creek 
3. 





( .“" River 


Cc omponit of 50, 51, 
52, and 53- 


a See figure 2. 
> The minimum detectable amount of beta-particle emitters in water is 
100 pCi /liter. 

he AEC standard for the immediate daughter products of uranium in 
water released to the environs is 2 X 10* pCi/liter. 


The average uranium analyses of weekly water 
samples collected continuously from the Big 
Bayou Creek during July-December 1968 was 
0.02 percent of the AEC standard for water beyond 
a controlled area. The results of the uranium 
analyses for each of the 12 grab samples collected 
at monthly intervals from the Ohio River below 
the plant were less than 0.01 percent of the AEC 
standard. 

The concentration of beta-particle emitters in 
the Big Bayou Creek averaged less than 0.5 per- 
cent of the AEC standard for the decay products 
of uranium-238. The beta radioactivity of the 
Ohio River was less than 0.5 percent of the stand- 
ard for uranium-238 decay products. 

External gamma radiation in the vicinity of the 
Paducah Plant averaged 0.02 mR/hr at all sam- 
pling stations for July-December 1968. 
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Reported Nuclear Detonations, June 1969 


The U.S. Atomic Energy Commission an- ground by the Atomic Energy Commission at is 
nounced a nuclear test of low yield (less than 20 Nevada Test Site on June 12, 1969. 
kilotons TNT equivalent) was conducted under- 


Errata 


In the article “Radioactivity in North Carolina Surface, 
Ground, and Cistern Waters, January-December 1967” which 
appeared in the May 1969 issue of Radiological Health Data and 
Reports, the last sentence in the first column of page 214 should 
read: “If gross beta radioactivity above 5 pCi/liter is detected in a 


ground water sample, it is analyzed by gamma-ray spectroscopy 
and for radium.” 


In the Mound Laboratory article on page 233 of the May 1969 
issue of Radiological Health Data and Reports there is an error in the 
units of tables 7 and 8. The columns titled ‘‘concentration” in 
table 7 should have units of “‘fCi/m*.”” The same column in table 8 
should have units of “‘nCi/m*.”’ 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


STUDIES OF CHEMICAL AND RADIOCHEMICAL COMPOSITION 
OF NATURAL GAS FROM THE CAVITY PRODUCED BY THE PRO- 
JECT GASBUGGY NUCLEAR SHOT. C.F. Smith and F. F. Momyer. Radio- 
logical Health Data and Reports, Vol. 10, July 1969, pp. 281-288. 


Data relating to the chemical and radiochemical results from Project Gas- 
buggy chimney-gas samples obtained prior to 210 days after detonation (De- 
cember 10, 1967) are presented for significant nonradioactive components of the 
gas and for tritium and krypton-85. A discussion of changes in composition oc- 
curring during the flaring of 5 x 107 ft* gas in the late spring of 1968 is included. 
Some interpretation of the observed changes is advanced but with the data now 
available, no definitive conclusions seem warranted. This is a status report of 
the continuing effort to define and understand the chemical and radiochemical 
aspects of Project Gasbuggy. 


Keywords: Chemical, chimney-gas, Gasbuggy Project, tritium, krypton-85, 
natural gas. 


RADIOECOLOGICAL SURVEILLANCE OF THE WATERWAYS 
AROUND A NUCLEAR FUELS REPROCESSING PLANT. N. I. Saz, 
P.C. Lemon, A. H. Benton, and J. J. Gabay. Radiological Health Data and Re- 
ports, Vol. 10, July 1969, pp. 289-296. 


A 3-year study of the aquatic ecosystem around a nuclear fuels reprocessing 
plant, located in western New York State, has been conducted to find and 
evaluate natural indicators of environmental contamination. The study cov- 
ered preoperational and early post-operational phases. The ecological vectors 
selected for study were algae, silt, and fish, all from Cattaraugus Creek and its 
tributaries. Samples were collected at several points upstream and downstream 
from the plant effluent and quantitatively analyzed by gamma-ray spectrome- 
try. All vectors analyzed indicated process of uptake and concentration of 
ruthenium-rhodium-106, cesium-137, cesium-134, and/or zirconium-niobium- 
95, and sometimes cobalt-60. 

In addition, the concept of using natural indicators not native to the streams 
under study was tested by translocating fresh water clams from Chautauqua 
Lake, 60-miles southwest of the site, and placing them in the streams around the 
plant. The clams not only thrived in their new environment but upon analysis 
showed definite interaction by concentration of the above radioisotopes with 
the shells showing approximately twice the radioactivity of the soft parts of 


the clams. This concept might prove to be a sensitive indicator of environ- 
mental contamination. 


KEYWORDS: Algae, clams, fish, gamma-ray emitters, nuclear fuels reprocess- 
ing plant, radionuclides, silt, surveillance, water. 











To: Superintendent of Documents 
ORDER BLANK FOR RHD&R Government Printing Office 


Washington, D.C. 20402 


Please enter my subscription for Radiological Health Data and Reports. | am enclosing 


Money Order [] Check(] for this subscription. ($6.00 a year; $1.50 additional for foreign 
mailing.) 


Please address RHD&R as follows. 











UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON, D.C., 
For sale by the Superintendent of Documents, U.S. Government Printing Office, lied D.C. 20402 
Subscription price $6.00 a year, $1.50 additional for foreign mailing. 
Price for a single copy of this issue is 50 cents. 


July 1969 








GUIDE FOR AUTHORS 


The editorial staff invites 
containing information rela’ 


rts and technical notes 


to radiological health. 


reports and notes should contain data and 


posed 
interpretations. All 


manuscripts are subject 


to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title . It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Managi 
Editor, Radiological Health Data and Reports, Bureau 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a pr ts ide in the preparation of all copy for 
Radiological Health Data and Reports. In ition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 


available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, ts 
and conclusions. Findi that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of su ted keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 
gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new ods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 








Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed FY hy yg 2 on a separate sheet of 
paper. Legends should brief and understandable 
without reference to text. The following information 
should be typed on a gummed label of adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with i, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 
cepted units of measurements is preferred. A_ brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, ¢.g., 127Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 
Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 


of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 








U.S. DEPARTMENT OF 


HEALTH, EDUCATION, AND WELFARE 
POSTAGE AND FESS PAID 


PUBLIC HEALTH SERVICE 
U.S. DEPARTMENT OF H.E.W. 


WASHINGTON, D.C. 20201 


OFFICIAL BUSINESS 





If you do not desire to continue receiving this publication, please CHECK HERE [1]; 
tear off this label and return it to the above address. Your name will then be 


promptly removed from the appropriate mailing list. 

















